W eekend health care within numerous medical disciplines has been associated with poorer outcomes relative to care provided during regular weekday hours. [1] [2] [3] [4] This phenomenon has become known as the "weekend effect" and has been speculated to result from decreased staffing and resource availability, leading to shortfalls in care, and poor outcomes. [2] [3] [4] [5] [6] [7] Several recent cohort studies have assessed for a weekend effect among surgery patients by examining associations between weekend care and postoperative mortality. 3, 6, [8] [9] [10] [11] [12] However, variability in study design and findings has led to uncertainty about the consistency and generalizability of such associations.
An assessment of the weekend effect among surgery patients is complicated by differences in temporal risk profiles and institutional care patterns for patients undergoing elective versus urgent or emergent surgical procedures. Elective surgeries are uncommonly performed on the weekend at many hospitals, 3, 6, 13 and risk profiles of elective cases that are selected for weekend operations may differ relative to weekday procedures. 3, 13 As a result, direct comparisons of outcomes for weekend versus weekday elective surgeries are highly vulnerable to selection bias. This selection bias can be mitigated by comparing outcomes for elective procedures performed early in the week (eg, Monday) to those performed late in the week (eg, Friday), where the early postoperative period (a known interval of vulnerability to complications 14 ) falls on the weekend.
Patients undergoing urgent or emergent surgeries are also potentially affected by a weekend effect. However, an assessment for a weekend effect in this population must consider the potential impact of inpatient preoperative care quality and delays to urgent or emergent surgery on outcomes. Examining urgent or emergent surgery outcomes by day of admission (weekend vs. weekday), rather than day of surgery, accounts for such potential differences between weekend and weekday care.
Recognizing the important differences between elective versus urgent or emergent surgery pertaining to a potential weekend effect, we performed a systematic review and 2 separate meta-analyses to assess: (1) mortality among patients undergoing elective operations according to the day of the week of surgery from Monday to Friday; and (2) mortality among patients undergoing urgent or emergent operations according to admission on the weekend versus weekdays.
METHODS
We conducted a systematic review and meta-analysis following a preestablished protocol and reported our work in accordance with the meta-analysis of observational studies in epidemiology (MOOSE) guidelines. 15 
Search Strategy and Selection Criteria
We searched PubMed, Ovid EMBASE, and references of included articles without date or language restrictions. Conference abstracts and unpublished data were permitted for inclusion. The complete search strategy is shown in eTable 1 (Supplemental Digital Content 1, http://links.lww.com/MLR/ B514). The search was last updated on December 3, 2016. Two reviewers (S.A.S. and J.M.Y.) selected articles independently and in duplicate. κ statistics with 95% confidence intervals (CIs) were calculated to quantify agreement between reviewers. Studies were included if the following criteria were met: (1) the study reported on patients who underwent surgery stratified by day of operation (from Monday to Friday) for elective cases or day of admission (weekend vs. weekday) for urgent or emergent cases; (2) the study reported an odds ratio (OR) for short-term mortality (with its associated 95% CI), or data that permitted calculation of these values. Studies that reported on nonoperative endoscopy and/or interventional radiologic procedures performed outside of the operating room were excluded. Studies that reported results for a subset of patients that met these inclusion/exclusion criteria, but did not report the number of patients in the relevant subset were included since the metaanalytic techniques utilized here assigned study weights based on the SE of the effect estimate (ie, from the 95% CI of an OR) rather than from the number of patients in individual studies.
Urgent/emergent surgery was defined as any surgery that due to its acuity, was performed during the same hospital visit that the decision to proceed with surgery was made, or after an outpatient waiting interval of <48 hours. Surgeries classified as urgent or emergent by study authors without specifying a definition or for which such categorization could easily be inferred (eg, appendectomies for appendicitis) were classified as urgent/emergent. Studies not meeting the definition for urgent/emergent were classified as elective. The weekend was defined as calendar days Saturday and Sunday. Studies with a weekend definition that differed by no more than 8 hours at the beginning and/or end of this interval or that contained holidays were included. Short-term mortality was defined as death before discharge from hospital following surgery or within a fixed time frame ≤ 90 days following surgery.
Data Extraction
Two reviewers (S.A.S. and J.M.Y.) extracted data independently and in duplicate using a prespecified data extraction form. Discrepancies between reviewers were resolved by consensus. Extracted data elements included: study design, source of cohort, total number of patients, patient characteristics, study characteristics, type of surgeries performed, crude mortality rate, and unadjusted or adjusted ORs with associated 95% CIs for mortality for weekends or individual weekdays as applicable.
Risk of Bias Assessment
The risk of bias of included studies was assessed using a component-based approach 16 incorporating elements of the quality assessment tool developed by Hayden et al. 17 Studies were scored as "high," "low," or "unclear" risk of bias for each of the following domains: participation, attrition, outcome measurement, statistical analysis, and confounding measure and account. The specific criteria applied to the assessment of risk of bias within each of the specified domains are shown in eTable 2 (Supplemental Digital Content 1, http://links.lww.com/MLR/B514). Bias in prognostic factor measurement (eg, day of surgery or weekend vs. weekday classification) was not included given the lack of plausible mechanisms for systematic misclassification of exposures.
Data Synthesis and Analysis
Meta-analyses were conducted separately for studies of elective surgery patients and studies of urgent/emergent surgery patients. ORs for mortality were pooled on the log scale for each individual day of surgery from Tuesday to Friday relative to Monday for elective surgery and for weekend admissions relative to weekday admissions for urgent/emergent surgery. All analyses were performed using the DerSimonian and Laird random-effects models. 18 If multiple estimates were reported from a single study, the most adjusted estimate was used in meta-analyses. When not reported by study authors, ORs with 95% CIs for short-term mortality were calculated from crude study data. In circumstances where studies reported ORs (and 95% CIs) for mortality using a reference group different than that specified here (eg, Friday as a reference group in elective surgery instead of Monday), we derived measures according to the desired reference group mathematically. 19 Statistical heterogeneity was quantified using I 2 inconsistency statistics, which quantify the percentage of interstudy variability due to factors other than chance or sampling variation. 20 Stratified and metaregression analyses were performed to explore whether several prespecified covariates explained interstudy variation. These covariates included hospital teaching status, surgical specialty, geographic area of the source population of the cohort (Europe vs. North America vs. other), crude mortality rate of the cohort (dichotomized as high or low based on the median-crude mortality of included studies), each of the risk of bias domains noted previously, and degree of covariate adjustment (dichotomized as high or low based on the median number of covariates for which adjustment was undertaken). For stratified and metaregression analyses by surgical specialty, in circumstances where individual studies reported multiple OR estimates deemed pertinent to a single surgical specialty (eg, ORs for hip replacements and knee replacements deemed pertinent to orthopedic surgery), the single study OR estimates were combined using fixed-effect models and then pooled with ORs from other studies in random-effects analyses.
In circumstances where > 1 study reported data from the same cohort (introducing potential for duplicate inclusion of patients), only the largest cohort was included in the main analysis. Sensitivity analyses were performed by repeating analyses after substituting the smaller potentially overlapping cohorts for the larger cohort included in the main analysis. 21 In a circumstance where results from the same cohort were published twice with differing levels of statistical adjustment, 6,22 the most adjusted estimate was included in the meta-analysis. However, pertinent subgroup estimates from the less adjusted study 7 were included in our stratified analysis and metaregression when not reported within the more adjusted study. 22 We assessed for small study effects potentially indicative of publication bias using funnel plots and the Egger funnel plot asymmetry test. 23 In the presence of funnel plot asymmetry, we conducted Duval and Tweedie 24 trim and fill analyses, which adjust for small study effects potentially due to publication bias. Analyses were conducted using Stata version 14.1 (Stata Corp. LP, College Station, TX).
RESULTS

Study Identification
Among 4027 citations identified, 29 studies were included in the systematic review (see eFig. 1, Supplemental Digital Content 1, http://links.lww.com/MLR/B514, for details of the study selection process). These included 10 studies with a total of > 6,685,970 elective surgery patients 3, 13, 22, [25] [26] [27] [28] [29] [30] [31] and 19 studies with a total of > 1,424,316 urgent/emergent surgery patients [8] [9] [10] [11] [12] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] (exact sample sizes not calculable as 2 studies did not specify the number of patients included in the pertinent analyses 29, 34 ). Data from 13 elective surgery cohorts and 24 urgent/emergent surgery cohorts were analyzed as 6 studies 3,9,32,34,35,40 reported on > 1 cohort meeting our inclusion criteria. The κ statistic for interrater agreement for inclusion during title and abstract screening was 0.66 (95% CI = 0.60-0.72), and that during full-text review was 0.93 (95% CI = 0.89-0.98).
Characteristics of Included Studies
The 10 studies identified that reported on elective surgery patients had sample sizes ranging from 819 to 3,755,866 patients (Table 1) . Eight of the studies were multicenter 3,13,22,25-27,29,31 and 2 were single center. 28, 30 Four studies were conducted in Europe, 22, 25, 27, 29 4 in North America, 13, 28, 30, 31 1 in New Zealand, 26 and 1 included data from 4 countries. 3 The studies included patients from a diverse range of surgical specialties. Seven studies reported on 30-day mortality, 3,13,22,25-27,29 2 on 90-day mortality, 28,31 and 1 on inpatient mortality. 30 The 19 studies that reported on urgent or emergent surgery patients (Table 2) had sample sizes ranging from 450 to 439,457 patients. Seventeen of the studies were multicenter [8] [9] [10] [11] [12] [32] [33] [34] [35] [36] [38] [39] [40] [41] [42] [43] 45 
Risk of Bias Assessment
The majority of included studies were classified as low risk (as specified in eTable 2, Supplemental Digital Content 1, http://links.lww.com/MLR/B514) for participation bias, attrition bias, outcome measurement bias, and statistical analysis bias (eTable 3, Supplemental Digital Content 1, http:// links.lww.com/MLR/B514). Fifteen of the 29 included studies were classified as low risk for bias in confounding measurement and account.
Mortality by Day of the Week of Elective Surgery
Data from 10 of the elective surgery cohorts, including > 5,718,008 patients, were pooled in our main elective surgery analysis (Fig. 1) . The pooled ORs for mortality after elective surgery relative to surgery on Monday were 1.04 (95% CI = 0.97-1.11; I 2 = 32.0%) for Tuesday surgery, 1.08 (95% CI = 0.98-1.19; I 2 = 53.7%) for Wednesday surgery, 1.12 (95% CI = 1.03-1.22; I 2 = 44.5%) for Thursday surgery, and 1.24 (95% CI = 1.10-1.38; I 2 = 82.6%) for Friday surgery. The 3 cohorts excluded from the main analysis reported on patients that were potentially included in larger studies. In a series of sensitivity analyses where data from each of the excluded cohorts was substituted in the place of data from the larger included studies, similar patterns of sequentially higher odds estimates for mortality as the week progressed from Monday to Friday were noted (eFigs. 2-4, Supplemental Digital Content 1, http://links.lww.com/MLR/B514).
Mortality for Weekend Versus Weekday Admission for Urgent/Emergent Surgery
Data from 20 urgent/emergent surgery cohorts including > 1,303,083 patients were pooled in the main urgent/emergent surgery analysis (Fig. 2) . The pooled OR for mortality after urgent/emergent surgery for patients admitted on the weekend relative to weekdays was 1.27 (95% CI = 1.08-1.49; I 2 = 96.9%). The 4 cohorts excluded from the main analysis reported on patients that were potentially included in larger studies. In a series of sensitivity analyses where data from each of the excluded cohorts was substituted in the place of data from the larger included studies, significant associations between weekend admission and mortality remained present (eFigs. 5-7, Supplemental Digital Content 1, http://links.lww.com/MLR/B514). Ruiz et al. 22 Araujo et al. 28 Tan et al. 30 Subtotal (I−squared = 32.0%, p = 0.162) Wednesday Dubois et al. 31 Lagergren et al. 27 POMRC Ruiz et al. Ruiz et al. 22 Araujo et al. 28 Tan et al. 30 Subtotal (I−squared = 53.7%, p = 0.027) Thursday Dubois et al. 31 Lagergren et al. 27 POMRC Ruiz et al. Ruiz et al. 22 Araujo et al. 28 Tan et al. 30 Subtotal (I−squared = 45.5%, p = 0.065) Friday Dubois et al. 31 Lagergren et al. 27 POMRC Ruiz et al. Ruiz et al. 22 Araujo et al. 28 Jen et al. 29 Tan et al. 30 Subtotal (I−squared = 82.6%, p < 0. 
Stratified Meta-Analysis and Metaregression
To explore the heterogeneity observed in the associations with mortality for elective surgeries on Friday relative to Monday and for urgent/emergent surgeries on the weekend relative to weekdays, we performed a series of stratified analyses and metaregression analyses across several clinical and study design features (Table 3) . For elective surgeries, the OR for mortality after surgery on Friday relative to Monday was higher among studies conducted in Europe (OR = 1.40; 95% CI = 1.27-1.52; I 2 = 70.1%) than studies conducted in North America (OR = 1.10; 95% CI = 1.01-1.20; I 2 = 0%) or other geographic areas (OR = 1.05; 95% CI = 0.87-1.27; I 2 = 0%) (metaregression P-value for Europe relative to North America/other combined = 0.005). For urgent/emergent surgeries, the OR for mortality after admission for surgery on the weekend relative to weekdays was higher among studies with a low-crude mortality rate (OR = 1.33; 95% CI = 1.12-1.58; I 2 = 60.7%) than among studies with a highcrude mortality rate (OR = 1.12; 95% CI = 1.08-1.15; I 2 = 0%) (metaregression P = 0.07) after studies were dichotomized based on crude mortality (at or above median vs. below median). No other statistically significant differences were noted between strata for either the elective surgery or urgent/emergent surgery analyses based on hospital teaching status, surgical specialty, risk of bias, or degree of statistical adjustment.
Analysis for Small Study Effects
Funnel plots of ORs for mortality after elective surgery on Friday relative to Monday and for urgent/emergent surgery admission on the weekend relative to weekdays are shown in eFigure 8 (Supplemental Digital Content 1, http://links.lww. com/MLR/B514). The result of the Egger test was not statistically significant for the elective surgery analysis (P = 0.12) or the urgent/emergent surgery analysis (P = 0.54). Duval and Tweedie trim and fill analyses, which adjust for small study effects potentially due to publication bias, computed an adjusted OR for mortality after elective surgery on Friday relative to Monday of 1.24 (95% CI = 1.10-1.38) and an adjusted OR for mortality after weekend admission relative to weekday admission for surgery of 1.27 (95% CI = 1.08-1.49). These results are identical to the results computed in the main analyses.
DISCUSSION
In this systematic review and meta-analysis, we synthesized data from 29 studies that included over 8 million patients to examine for associations suggestive of a weekend effect impacting surgical care. We found that short-term mortality estimates after weekday elective surgery increased in a graded Boylan et al. 11 Dasenbrock et al. 41 Rumalla et al. 10 
Cohorts
Worni et al. 42 Hoehn et al. 44 Kristiansen et al. 9 Nandyala et al. 39 Knudsen et al. 36 Foss et al. 43 Thomas et al. 37 Khoshchehreh et al. Goldstein et al. 38 Worni et al. 14 Ozdemir et al. FIGURE 2. Forest plot of OR for mortality after admission for urgent/emergent surgery on the weekend relative to weekdays. A,B Discrete cohorts from single studies as specified in Table 2 . Solid diamonds represent point estimates, lines represent 95% CIs, shaded boxes represent percentage weight contributed by the study, and open diamond represents pooled estimate (centered on the point estimate with a length representing the pooled 95% CI). CI indicates confidence interval; OR, odds ratio.
manner as the weekend approached and were statistically significantly higher for surgery on Thursday and Friday, relative to surgery on Monday. Specifically, we observed that the pooled odds of short-term mortality after elective surgery on Thursday and Friday were 12% and 24% higher, respectively, than for surgery conducted on Monday. We also found that admission for urgent or emergent surgery on the weekend was associated with 27% higher pooled odds of short-term mortality relative to admission for such surgery on weekdays. Collectively, these findings lend support to the presence of a weekend effect in surgical care. We conducted our analyses among elective surgical patients by comparing mortality after surgery on each day of the week from Monday to Friday, rather than for weekends versus weekdays, to mitigate the potential for selection bias in comparisons. Weekend elective surgeries are uncommon at many institutions, 3, 6, 13 and patients selected for such procedures may have differing levels of surgical urgency and risk profiles relative to weekday elective patients. 3, 13 The causality of the strong associations between weekend elective surgery and postoperative mortality demonstrated in previous analyses may therefore be questioned. 3, 6, 13 Our study, which showed that postoperative mortality is higher for surgeries performed late in the week, relative to early in the week, is much less vulnerable to selection bias and still provides support for a weekend effect as patients who undergo surgery late in the week experience the most critical period of their postoperative course 14 on the weekend.
We observed statistical heterogeneity in our analyses of both elective and urgent/emergent surgery. Such heterogeneity is not uncommon in meta-analyses of cohort studies where populations and designs are variable. We examined potential underlying reasons for this heterogeneity by performing stratified analysis and metaregression based on hospital teaching status, surgical specialty, geographic area of the source cohort, crude mortality rate of the cohort, and various measures of risk of bias. We explored these variables based on clinical plausibility and the ability to ascertain them from the published studies. For example, it is plausible that teaching hospitals may have better in-house weekend staffing, which could mitigate a weekend effect, or that certain surgical subspecialties are more vulnerable to a weekend effect based on more urgent care requirements in the early postoperative course. Despite the plausibility of such relationships we did not identify evidence of modification of the association between weekend care and mortality based on hospital teaching In our urgent/emergent analysis, weekend relative to weekday admission for surgery was associated with higher odds of short-term mortality among cohorts with lowcrude mortality rates (used as a marker of surgical risk within the cohort) relative to cohorts with high-crude mortality rates. These finding should be interpreted with caution however, as differences between strata could be representative of other study level differences between patient groups studied, rather than differences attributable to the variables in question. Given the heterogeneity we observed, it remains possible that the weekend effect is modified by factors that were not assessed in our study. Although this is the largest and most comprehensive analysis of the subject of the weekend effect in surgery, it has several important limitations. First, the majority of the included cohort studies were conducted in the United States or the United Kingdom. This limits the generalizability of our findings to institutions located elsewhere in the world. Second, although we assessed the influence of adjustment for potential confounding variables in our metaregression analyses and noted no evidence of modification of mortality estimates, it remains possible that residual unmeasured confounding could have biased our results. Finally, and most importantly, our results demonstrate the presence of an association between weekend surgical care and mortality, but do not and cannot indicate the underlying cause for such an association given the observational design of the included studies.
Others have suggested 6, 38 that the weekend effect may result from systemic differences at institutional levels in the manner in which care is delivered on weekends relative to weekdays.
We agree that such a mechanism is plausible. Differences in hospital staffing and resource availability on the weekends relative to weekdays could, for example, lead to suboptimal care and poor outcomes. The hypothesis that the weekend effect results from institutional factors is supported by the results of one study of surgery patients that used extended median length of stay as a surrogate marker for the weekend effect and suggested that it could be overcome by the presence of specific hospital resources such as increased nurse-to-bed ratio, full adoption of an electronic medical record, a home health program, and a pain management program. 46 However, we caution against overinterpretation of the findings of our meta-analysis by policy makers. Data from studies of nonsurgical patients have suggested that the weekend effect may be mediated in part by differences in admission acuity, differences in case-mix, or administrative data coding discrepancies. 47, 48 One study included in our analysis did find that admission acuity was higher and the probability of operative management was lower for traumatic subdural hematoma patients admitted on weekends relative to weekdays. 11 Whether or not similar differences in weekend versus weekday acuity or probability of operative management exist for other groups of surgery patients is unknown.
Further study in this area is necessary to identify causality, by characterizing avoidable deaths and developing and testing effective strategies to mitigate preventable deaths at times and places when availability of care providers is reduced. Such knowledge will be important to inform any future policy changes addressing surgical care on weekends and to avoid the considerable controversy that has surrounded administrative decisions prompted by prior reports of this association. 49 
CONCLUSIONS
This systematic review and meta-analysis of 29 studies that includes over 8 million patients demonstrates that mortality estimates increase in a graded manner after elective surgery for each day of the week approaching the weekend and are higher after admission for urgent or emergent surgery on the weekend relative to weekdays. These results are consistent with the presence of a weekend effect in surgical care. Future studies should focus on clarifying the contributing factors to poor outcomes and developing strategies to potentially improve safety and mitigate adverse events associated with weekend surgical care.
